








Duration : 3 hours
[Masa : 3 jamJ
Please ensure that this examination paper contains ELEVEN printed pages before you
begin the examination.
[Sila pastikan bahowa kertas peperiksaan ini mengandungi SEBEI-/IS muka surar yang
bercetak sebelum anda memulakan peperiksaan ini.J
Instruction: Answer ANY FIVE (5) questions only. Students are allowed to answer all
questions in Bahasa Malaysia or in English.
[M: Jav,ab MANA-MANA LIMA (s) soalan sahaja. pelajar dibenarkan







Explain the process of o-decay and calculate the velocity of a-particles
produced in the disintegration of Ra-226 Q26.0254 amu) to Rn-222(222.0175 amu). Draw the energy spectrum diagram.
[Terangkan proses reputan-a dan hitungknn halaju zarah-a yang
dihasilkan dalam penyepaian Ra-226 (226.0254 amu) kepada Rn-222
(222.0175 amu). Lakarkan gambarajah spektrum tenaga.J
(30/100)
In a radioactive process, Nitrogen-l2 is found to be decayed to
carbon-l? with positron emission. In this process valence electron from
main atom also released simultaneously. calculate the energy released in
the process and explain the important step in this decay. (Given mass of
''N7: 12.02278 amu, Mass of ''C6 : 12.003803 amu).
[Dalam suatu proses radioaktif, Nitrogen-t2 didapati mereput kepada
Karbon-L2 dengan pancaran positron. Dalam proses ini, elektron valens
daripada atom utama juga dikeluarkan secara serentak. Hitungkan
tenaga yang dieluarkan dalam proses tersebut dan terangkan langkah
penting dalam pereputan ini. (Diberi jisim IZNT : 12.02278 amu, Jisim
"C6 : 12.003803 amu)J
(20/r00)
A 1.8 mCi source of radon (Ttn:3.83 days) is permanently implanted
into a patient.
[suatu 1.8 mci sumber radon (Ttn = 3.83 hari) diimplan secara kekal tre
dalam seorang pasien.J
Find the decay constant.
[Cari pemalar reput an.J
Express the half life and mean
their definition.
life of this source in SI unit with
[Ungkapkan setengah hayat dan min hayat sumber tersebut dalam
unit SI dengan talcrifonnyo.J
What is the relation connecting half life and mean life?










Determine the radiation emitted by radon.
[Tentukan s inar an yang dikeluarkan o le h radon.J
(s0/100)
Explain the basic differences between the interaction of electron with
matter and interaction of photons with matter.
[Terangkan perbezaan antara interalai elektron dengan jirim dan
int er aks i fo ton deng an j irimJ .
(20l100)
b) In an X-ray interaction experiment, a series of 5 absorbers of same
material, each of 1cm thickness, with an absorption coefficient of lTyo arc
used. Calculate the intensity of radiation transmitted through the absorbers
using :
[Dalam elrsperimen interaksi sinar-x, suatu siri 5 penyerap terdiri
daripada bahan yang sama, setiop satunya ketebalan Icm, den[an peknli
penyerapan l]oh digunakan. Hitungkan keamatan sinaran terpancor
me ne rus i pe ny e rap-pe nye r ap me nggunakan : J
the definition of absorption coefficient and
[talcrifan pekali penyerapan danJ
the exponential law ofabsorption process
fhukum e kspone n pro s e s p enye rap anJ
Justiff which one of these two is more correct with varid reasons.
[Justifikasikan yang mana satu daripada soalan (i) dan (ii) adalah












A cobalt-60 unit gives the y-ray photon exposure at a rate of 120 R/min at
I meter when the source is oon'. Protection regulations require that when
the source is 'off the radiation level at I meter distance be less than Z
mR/hr. If the emitted photons are of 0.6 MeV, determine the thickness of
lead shielding required. (Given density of lead is 1.1.3 gmlcm3)
[suatu unit Kobalt-60 memberikan dedahanfoton sinar-y pada kadar 120
Mmin pada jarak I meter bila sumber di 'on'. Peroturan perlindungan
memerlukan bila sumber itu di 'off' oras sinaran pada jarak I meter
menjadi kurang daripada 2 mR/hr. Jikafoton terpancar adalah 0.6 MeV,
tentukan ketebalan perisaian plumbum yang diperlukan. (Diberi
ketumpatan plumbum : I 1.3 gm/cm')l
(30/100)
What is photoelectric absorption? Discuss the importance of these
interactions with human tissue and lead using log scale graphs. compare
these interactions and analyze the dependence ofphotoelectric absorption
on the atomic number of the absorber.
[Apakah itu penyerapan fotoelektrikT Bincangkan kepentingan interaksi
tersebut dengan tisu maru.tsia dan plumbum dengan menggunakan graf
skala log. Bandingkan interalai tersebut dan analisakan kebergantungan
penyerapanfotoelektrik ke atas nombor atom penyerap.J
(50/100)
what are the deciding parameters in the coulomb-force interactions?
Define them and discuss the various cases arise in this type.
[Apakah parameter-parameter penentu dalarn interaksi daya-coulomb?
Takri/kannya dan bincangkan pelbagai kes yang timbul dalam jenis ini.J
(30/100)
Define the terms "Energy transfer coefficient" and ooEnergy absorption
coefficients" in photon interaction and write the formula to calculate them.
[Talvi/kan istilah "pekali perpindahan tenaga" dan "pekali perryerapan
t enage " dalam interalrs i fo t on. Tul i s formul a b agi me nghitungkannya.J
Q0/r00)
Explain the basic features of a fypical TLD reader with schematic
diagram.












A y-ray exposure of 5.6 c/kg is available in lithium fluoride TLD in gray
scale under TCPE conditions. The TLD chip is enclosed in Teflon capsule
of 2.88 mm thickness. If the exposed chip is square of 3 mm2 dimension
that weighs 5 *g, determine the average absorbed dose. calculate the
'energy fluence of the stopped medium.
[Dedahan sinar-y 5.6 c/kg terdapat dalam lithium fluoride TLD dalam
skala kelabu di bawah keadaan TCPE. cip TLD itu diletakkan dalam
ruangdn kapsul Teflon yang mempunyai ketebalan 2.88 mm. Jika cip itu
adalah empat segi sama dengan luas permukaan 3 mm2 don jisimnya 5
mg, tentuknn dos terserap purata. Hitungkanfluens tenaga dalam cip ituJ
(50/100)
what do you meant by linear stopping power? Discuss any three factors
that can influence the linear stopping power of a material.
[Apakah yang dimaksudkan dengan kuasa penghenti linear? Bincangkan
mana-manq tiga foktor yang boleh mempengaruhi kuasa penghenti linear
iru|
(30/r 00)
Explain the meaning of kerma and absorbed dose
fTerangkan maktta kerma dan dos terserapJ
(2s/r00)
State the assumptions used in Bragg-Gray theorem
[Nyatakan anggapan yang digunakan dalam teorem Bragg-GrayJ
(2s/r00)
The total absorption cross section in oxygen for photon of energy l Mev
is 1.69 units and for photons of energy 2 Mev is l.l8 units whereas for a
photon of energy 3 Mev it becomes 9.56 units. Justifr the reasons for this
contradiction.
[Keratan rentas jumlah penyerapan dalam oksigen untuk foton dengan
tenaga I Mev adalah 1.69 unit dan untukfoton dengcin tenaga 2 Mev
adalah l.l8 unit. Manakala, untuk suatu foton dengan tenaga 3 MeV











a) Discuss the general method of producing radionuclides.





Refening to the radiation dose, explain in detail how the survival curve of
mammalian cell could be found in the lab? Label all the important
parameters in the curve and explain their meaning.
[Merujuk kepada dos sinaran, terangkan dengan terperinci lengkung
servival sel mamalia boleh didapati di dalam malcrnal. Labelkan semua
parameter penting dalam lengkung itu dan terangkan malcsudnyaJ
(30/100)
Explain the differences in the mammalian cell survival curves of X-rays
and c,-ray. Give the reasons.
[Terangkan perbezaan antara lengkung survival sel mamalia bagi sinar-X
dan sinar- a. Berikan sebab-sebabnyal
(30/100)
Write a short note on
[Tulis nota ringkas mengenai]
the common biological effects of radiation
[kesan biologi terhadap sinaranJ
the use oftracertechniques in radio therapy








I kg : 5'6095 x 102e MeV
1 arnu : 93I.50 MeV
Electron rest mass : 0.51 100 MeV
Proton resr mass = 938.26 MeV
Neutron resr rnass = 939.55 MeV
1 electron volt (e\) = !.6022 x 10-tsJ
: 1.6022 X 10-12 ers
I joule (I) : 107 og
1 coulomb (C) : 2.9979 X 109 esu
1 gray (Gy) : l Jkg: 102 rad : J.0a erg/g
Eaergy-wavelength conve#;:t" 
(st).: 1 Jel'
1123985 X i0-6 eV m
12.3985 keV A
Exposure conversiba:
I roeutgen (R) = 2.SA X 10-+ C/kg
1 C&g'= 3876 R
APPE\IDIX A.2. Converiiori Factors
I 1<g = 5'6095 X 102e MeV
t amu = 93i.50 MeV
. Eiectron rest mass = 0.51100 MeV
Proton rest mass : 938.26 MeV
Neutron rest mass = 939.55 MeV
1 electron volt (eV) = 1.6022 x ig-rs J
= 1G0Z2 X 10-t2 ers
1 in,rlc /Tt ' ^1J = ru' erg
1 coulomb (C) : 2.9979 x 10e esu
1 gt"y (Gy) = 1J/kg: 102 rad : 10+ erg/g
i sievert (Sv) : 1Jlkg
Energy-wavelength conversion: I




1 roentgen (R) = 2.58 x i0-4 C/kg





Czsbad, Z = 6
Multiply data by 0-05014 to get cm2/g
orby0.005014 to gat mVkg
Photon
Eo-gy
(irl.9 ,O * .61
CompLon With and




































































































































6.tI +00 3.84 +00
5.06 +00 3.71 +04
4.53 +00 3.71+ 00
4.00 +00 3.58 +00
3.73 +00 3.47 +00
5-)S .l-UU J.J / f UU
3.39 +00 3-27 +00
3.17 +00 3..10 +00
3.00 +00 2-96 +00
2.69 +00 2.65 +00
2-45 +00 z.Yt +trt
2,13 +00 2.t.2'+00

































4 q4 +01 a ?r +nl
1.57 +0r 1,,14 +01
8.54 +00 7.72 +00
5.00 +00 4.58 +00
4.10 +00 3.85 +00
l7q +nn q qf, *nn
I qi +nn ? ?o +nn
? tr +nn t rq rrrn
3.02 +00 2.98 +OO
t AO Jnn t A? rnn
2-45 +00 2-{4 +00
t l? Jnn D rt, Jnn





























Lead Pllqbum)(ct g') Ahqd"p)/em/ o-t\
/p l-lu/P It^/P Np Ft/P *6t Y
0.5 0,1614 0.0984 0.0951 0,0868 0.0297 0.0296
0.6 0.1249 0.0737 0.0710 0.0804 0,0296 0.0293
0.8 0.08 86 0.0503 0,0481 0.0706 0.0289 0.028 9
1.0 0.0708 0.0396 0.0377 0.0635 0.0280 0.02'78
1.5 0.0s r8 0,0288 0.0271 0.0517 0.0256 0.0254
) 0.0455 0.02s9 0.0240 0.M44 0.0236 0.0234






o-icompLoa scattering; ay-cooptoa Er:ergy Traasfer; a"oL-cobereut scat'tering; r-photoelectric; zn-pair pro-
duclion by uucleus; ,.*pii, production by Lchoas (triplei) plr-foLal mass; p'/p--total mass excluding coherent;r






(Mev) X 10-z cml/aiom
Hydrogen Z : 1
5.9S7 X 10s aioms/gn
5.997 X 104 electroas/gm
Carboa Z: 6 p:9.95 gm/craj (graphite)
0.5016 X 104 atoms/gm
3.0i0 X 105 electrons/gm
p'lp *lp v"^lp
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OxYgen, Z = 8
Mujtiply by 0.03?64 Lo get clrzlg




















































































i.06+ 01 5.12 + 00
8.00+ 00 5.03 + 00
6.94+ 00 4.9d + 00
S.74+ 00 4.79 + 00
b.20 + 00 4.53 + 00
4-8i + 00 4.49 + 00
4.63 + 00 4.36 + 00
4.29 + 00 4.14 + 00
4.0S + 00 9.94 + 00
3.60 + 00 .?.55 + 00
B.Z7 + 00 B.ZS + 00
2.84 + 00 2.BA + 00
. 2.54 + 00 9.53 + 00
2.32 + 00 2.31 + 00


































f.i{ * 02 1.48 + 02 '
{.61 + 0l ,1.31 + 01
2.19+01- 2.00+01
9.67 + 00 8.91 + 00
6.8-l + 00 6.27 + 00
5.67 + 00 5.29 * 00.
;.08 + 00 4.8I + 00
.1.{7 + 00 4.32 + 00
4.13 +-00 4-03 + 00. '
3.62 + 00 3.57 +.00
3.28 + 00 3.26 + 00
2.8.{ + 00 2.83 + 00
2.5-l +00 2.54 + 00
2.32 + 00 2.31 + 00
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2. 1 93E+0 0
2.525E+00
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_ 5 94E+0 0
.5978+C0
. 6 0-EE+0 0
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6 .24 3E-0 4
7.16EE-04
8 . 0.55E-0 {E-ttlE-04
I . 055E-0 3
I .21 5E:0 5
r .567E-n5
..:
I . 5l 6,E-0 3
I . 55SE--0 5
1.El7E-03
l.'96'5ErO3
















0 .0{50 6 .572E+000.0500 5.901E+o00.0550 5.5t,0E+000.0600 5, l79E+00
0 .0700 (.652E+000.0E00 {.2{9E+000.0900 9.951f,+O0
0.1008' t.67{E+00
0...1250 3.204E+000-t500 2.33[,[+000-t750 2.657E+000.2000 2.465f,+000-2500 2-245f,+000.j000 2.96ff,+000.35C0 1 . 971f,+00
0.4000 I _E9GE+O00.4500 l.ES5E+00
0. j000 ,1 -7g6gi+O00.5500 1.752E+000.6000 1.721f,,+AA0.7000 I .679E+000.E000 t.650E+0o0.9000 1 .631E+00
4 
- 
96{E-0 I 5. 357E-0 3 7 .0 91 E-0 I6.50'9E-0'l 4;133E-03 E.7568-0 IE;062E-01 4.95+E-p5 I .o2EE+00
9;.6I {E-01" 5.7'998-05 ' I .1678+00
I . 1t 6Et-OQ---6.6-65E-:!5' f 






























































? .927 E-0 1
5 .4 t 7E-0 I{.4 1 7E-0 1
5.455E-01
6.456E-01
I .727E+00 I .0298102, 1 .-72sf,+0-0
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